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Factors Which Influence Forage Quality and Effectiveness in Dairy Rations
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INTRODUCTION

Forages have always provided the base upon

which ruminant nutrition is built.  Proper feeding of

dairy cattle involves the use of high quality forage,

and is a key to efficient production.  With greater

emphasis o n milk yield, the d airy cow is incre asingly

challenged to consume sufficient nutrients to support

milk yield while m aintaining sufficient fib er intake to

support good  rumen health and digestion.  M ost

ration formulation programs strive to satisfy net

energy (NE) requirem ents of the cow .  Often this is

difficult without red ucing forage  (and fiber) to

dangero usly low levels in the  diet.  

At a Georgia dairy conference, the late 

Marshall McCullough referred to a colleague who,

when invited to speak at a forage meeting, started

with the comment “what in the world is there to say

that is new about forages?”  Indeed, in his paper 

McCullough cited an 1878 annual report at the

Connecticut Agricultural Experiment Station referring

to a book from Germany containing the results of

some 1500 feeding trials, which clearly showed that

maturing forages decline in crude protein (CP),

increase in crude fiber, and decrease in dry matter

intake (D M I) and dry matter (DM ) digestibility.  So

it seems that man has known the essence of forage

production for well over 100 years.  Yet the

consistent production of forages of high quality often

eludes us still.

Forage quality is determined by the user, the

ruminant, and is a complex interrelationship of many

factors which influence intake potential, nutrient

content, digestion, gut fill, passage rate and

partitioning of metabolized products within the

animal.  This is an area with a great volume of

literature.  This paper will discuss factors which

influence forage quality that producers of forage,

cattle or milk can use to improve animal performance.

DIFFERENCES DUE TO FORAGE
SPECIES

It is often assumed that the correlation

between digestion and intake of the forage, and the

relationship of neutral detergent fiber (NDF) with

intake is constant among forages, bu t those

relationships are not regular.  Large difference s exist

among cla sses of forage s and if not co nsidered in

ration formulation, can lead to performance below

expectations.  Legumes such as alfalfa and cool

season gra sses differ not o nly in their fiber co ntent,

but also in the rate and extent of digestion (Van

Soest, 1982).  Relative to alfalfa, grasses have a

greater lag to the start of digestion, a slower rate of

digestion, bu t also have a g reater extent o f digestion. 

The greater extent of digestion of grasses offers the

potential for greater energy availability, but slower

digestive rates and greater ruminal retention times can

result in lower intake, potentially offsetting gains

from high d igestibility.

Alfalfa has a high cell wall density because

of the great extent of lignification, low fiber digestion

relative to grass es, but a high to tal digestion (d ue in

part to the high content of cell solubles).  Thus, the

digestible portion of alfalfa is rapidly digested and the

remainde r passes rap idly through the  digestive tract. 

In comparison, grasses have a higher digestible fiber

content, lower content of cell solubles and  a less

dense cell wa ll structure.  

Digestibility (and its depression) is a

function of the competition between digestion and

passage ra tes.  Digestibility de pression is inve rsely

related to lignification and to the rate of digestion

(Van Soest, 1987).  The more digestible and/or

slower-digesting the cell wall, the greater potential for

digestibility depression through the effects of intake

level, physical fo rm, passage , or conce ntrate additio n. 

Thus as intake increases in multiples over

maintenance, digestion of the more digestible fiber

fractions (such as hemicellulose) becomes

increasingly sensitive to passage effects and can pa ss

from the rum en undigeste d.  In a com parison o f 
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alfalfa and orchardgrass, the DM digestibility of the

orchardgrass was greater than alfalfa at low intakes

and long fer mentation tim es.  The low er cell wall

concentration of the alfalfa, its lower potential

digestion an d the faster rate o f digestion co mbined to

give a smaller reduction in digestion for alfalfa as

intake increased and ruminal fermentation time

decreased (Waldo and Jo rgensen, 1981).

The major factor which could enhance

intake of forag es by cattle is to sim ply lower the c ell 

wall content.  This is a major reason for the

advantages of legumes over grasses, and the

advantage of immature forages over those of greater

maturity.  Buxton et al. (1995) presented a

comparison of fiber co ncentrations and digestibilities,

total digestible n utrients (TDN) content and

proportions of nutrients from N DF (Tab le 1).  These

data show that a predominance of the TDN for the

cool season legumes comes from sources other than

NDF, while a greater proportion of nutrients for cool

and warm  season gras ses comes  from ND F.  This

proportion increases as the plant matures and

digestibility declin es.  As the pro portion o f nutrients

which must be derived from the digestion of fiber 

increases, it be comes m ore likely that limitatio ns to

intake will occu r.  

Further clouding the issue is the fact that

NDF apparently differs by source.  Diets comparing

corn silage, alfalfa, and Coastal bermu dagrass

balanced  with concen trate  for similar N DF con tents

showed that the greatest fat-corrected milk (FCM )

yield for each diet occurred at a similar NDF content

(36%), but the milk yield at the optimum dietary NDF

content varied by forage source.  Milk yield (MY)

was least for the Coastal bermudagrass hay diets, corn

silage based  diets were inter mediate, an d alfalfa diets

yielded the m ost FCM   (Merten s, 1987) .  Changes in

FCM correspond ed to differences in DMI among

diets .  Despite s imilar  NDF contents , DMI and MY

differed among the forage sources, suggesting that

factors beyond simple dietary fiber levels influence

DMI  and M Y.  

Mertens and Ely (1979) reported that the

primary differences between alfalfa and Coastal

bermudagrass were in NDF and lignin contents, and

the proportion of NDF that is slow-digesting.  In

addition to  the greater N DF con tent, propo rtionally

the NDF  in Coastal b ermudag rass has a large r fast 

TABLE 1:  Representative neutral detergent fiber (NDF), digestibility, and total digestible nutrients (TDN)

in forage herbage with specified levels of NDF.

Species
NDF

Concentration
NDF

Digestibility TDN
Proportion of

nutrients from NDF

(% DM) (% NDF) (% DM) (% TDN)

Cool-season legumes 30 48 70 20

40 45 64 28

50 40 56 36

Cool-season grasses 50 70 71 49

60 66 66 60

70 59 58 72

Warm-season grasses 60 64 65 60

70 56 56 70

80 50 46 85

From Buxton et al., 1995.
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digesting fraction, a larger slow digesting fraction,

and a sma ller indigestible fra ction than alfalfa

 (Mertens and Ely, 1979).  The greater lignification of

alfalfa is advantageous for the legume, because the

high cell wall density leads to less bulkiness (and

contribution to fill), with a moderately rapid rate of

digestion (V an Soest, 1 987).  

EFFECT OF FORAGE SPECIES ON
INTAKE

One of the ultimate indicators of forage

quality is intake by the cow.  A negative correlation

exists between the content of digestible DM or

digestible ce ll wall in the forage a nd DM I (Van So est,

1982).  The slope of the regression is less for legumes

and greater for grasses, indicating that intake changes

are less sensitive to changes in digestibility for the

legumes and increasing maturity can have a greater

impact on intake for grasses.

However, perhaps one can take advantage of

the inherent digestibility advantages for some grass

species by p roducing  the highest qua lity, very highly

digestible fora ge possible .  Dairy cows  fed diets

based o n orchard grass (a coo l season grass ) or alfalfa

consume d more o f the alfalfa containin g diets

(Holde n et al., 1994 ; Weiss an d Shock ey, 1991 ). 

Despite lower D MI for orchard grass based diets,

intake of digestible DM was equal for the two

forages.  This was because of the greater DM

digestibility of the o rchardgra ss diets, due larg ely to

the far greater NDF d igestibility of the grass

compared with alfalfa (75.1 vs. 49%; Weiss and

Shockey, 1991).  Exploiting the greater NDF

digestion of grasses may be the means by which

grasses wor k best in dairy ra tions.  

For those in the southern U.S., the choice of

forages greatly affects the intake potential for dairy

diets.  Daily intake of forages by cattle was greatest

for cool season legumes, and was similar among  cool

season and  warm seaso n grasses (T able 2; Re id et al.,

1988).  The ADF and NDF content of the legumes

was least, cool season grasses were intermediate, and

warm season grasses were greatest.  The correlation

of digestible DM, DMI and digestible DMI with ADF

and NDF content of forages is negative (Table 3),

meaning that these variables decline as the amount of

ADF and ND F in the forages increased.  Thus the

grasses, especially the warm season grasses that are

highly productive in our Southern environment, are at

a disadvantage when compared with legumes and

cool season grasses.

Bermu dagrass is a w arm seaso n grass that is

well adapted to the southeast, but that has been

regarded  as a relatively low  quality forage. 

Digestibility of N DF for for age based  diets fed to

steers was 67.7% for orchardgrass and 56.3% for

bermudagrass (Galloway et al., 1993).  Though the

bermudagrass variety was not identified, it was

probably Coastal bermudagrass.  Newer varieties of

bermud agrass have  much imp roved q uality.  Georg ia

workers (Hill et al., 1993) found that Tifton 85

bermudagrass out yielded Coastal by 11% and had an

in vitro digestibility of 60.3% versus 54.3% for

Coastal.  New varieties of bermudagrass may be of

sufficient quality to fit rations formulated for high

produc ing dairy cow s.  

Holsteins co nsumed sim ilar amounts o f diets

containing Tifton 85 bermudagrass compared with 

TABLE 2:  Digestibility and intake values for forage classes fed to cattle.

Item

Cool season

legumes

Cool season

grasses

Warm season

grasses

Intake, g/kg BW .75 94.8 89.0 90.0

DM d igestion, % 62.8 66.9 59.8

Forage A DF, % 35.9 38.3 42.7

Forage N DF, % 49.5 65.3 74.5

Adapted from Reid et al., 1988.
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TABL E 3:  Corr elations betw een cattle respon ses and fiber con centrations.

Item DMD1 DMI2 DDMI3 NDFI

ADF, % -.39 -.52 -.55 .30

NDF . % -.32 -.41 -.43 .5

Adapted from Reid et al., 1988.
1Dry matter  digestibility.
2Dry matter intak e.
3Digestible dry mat ter intake.
4NDF intake.

similar quantities of alfalfa (Table 4), despite much

higher NDF content in the bermudagrass containing

diets (West et al., 1997).  Digestibility of NDF for

bermud agrass diets wa s much highe r than other d iets

(Table 4 ), and the in situ rate  of digestion o f NDF in

pure bermudagrass was greater than for alfalfa or

corn silage.  Contributing to these results was the very

high quality of the bermudagrass.  Well fertilized and

cut at about 3 ½ weeks of maturity, this forage

contributed to excellent intake despite high dietary

NDF  content.  De spite dietary N DF con tents well

above NRC (1989) recommendations, intake was

maintained  at a high level for b ermudag rass diets. 

Obviously one key to using the high NDF warm

season forages, including bermudagrass, is great

attention to maturity at harvest and subsequent

storage conditions.

RELATIONSHIP OF NDF AND DMI 

Diets containing large quantities of forages

can alter feed DMI, primarily because of the amount

of fiber present, the digestibility of the fiber, and the

passage rate of undigested residues from the digestive

tract.  Differences in the digestibility and rate of

digestion exist for different forage species.  However

intake is generally considered more important than

digestibility for influen cing differenc es in digestible

DMI  from forage s, and  relative c ontributions  to

intake of digestible DM of 70% for DMI and 30% for

digestibility have been calculated when both grasses

and legumes were considered (Crampton et al., 1960).

Mertens (1992) suggests that the maximum

NDF intake (NDFI) without reducing MY below the

cow's poten tial is 1.2% o f body weigh t (BW ). 

However, the potential for distension of the rumen

may allow for  greater con tent of bulky feed s. 

Ruminal pool size o f NDF for Co astal bermudagrass

was proje cted to be  1.38%  of BW  compar ed with

1.1% of BW  for alfalfa (Mertens and Ely, 1979).  If

this is true, then one would expect that cows may be

able to co nsume a gre ater perce ntage of N DF with

this grass and m aintain intake.  W ork in Geo rgia

supports this, for Holsteins fed diets containing 15

and 30% Tifton 85 bermudagrass (NDF percentage of

T M R of 39.5 and 46.6%) consumed as much feed

DM as those fed diets containing similar amounts of

alfalfa but with lower T M R NDF content (NDF

percentag e of T M R of 33 to 35 %; W est et al., 1997 ). 

The NDFI p er BW was 1.65 and  1.95% for 15 and

30% bermudagrass and 1.56  and 1.42% for 15 and

30% alfalfa.   These were excellent NDFI per BW;

achieved  because o f the very high D MI per  BW  (4.2

to 4.4%  DMI  per BW  for Holstein s; Table 4 ).  

Florida workers (Ruiz et al., 1995)

compared fo ur ensiled forages (dwarf elepha nt grass,

forage sorg hum, berm udagrass, an d corn silage ) in

diets formulated for 31, 35, and 39% NDF.  Not

surprisingly, DMI declined with increasing dietary

NDF  content, while N DFI incre ased from  1.15 to

1.32% of BW  with increasing NDF.  Intake of dwarf

elephant grass and corn silage was greater than intake

for bermudagrass and forage sorghum, which was

consistent with the greater extent of in situ digestion

of DM, ND F, and cellulose for the elephant grass and

corn silage.  MY was least for the forage sorghum,

which had the lowest fiber quality by analysis.  The

authors co ncluded th at a measure  of fiber digestib ility

would help  to explain d ifferences in fiber  quality

among dietary sources, that a measure of undigested

NDF intake could describe the indigestible and

slowly digestible  portion of the  diet 



TABLE  4:  Effect of forage source and ha y addition on DM I, apparent digestibility and milk production (West et al., 1997).

                       Dietary treatment                  

        Tifton 85                 Alfalfa                                     Contrast significance                                        

Item                      Breed    Control Low High Low High Source1 SE Level2 SE
Source
x level Hay3     SE

Comp onents

Concentrates and
cottonseed

55 55 55 55 55
    

Corn silage 45 30 15 30 15

Tifton 85 hay --- 15 30 --- ---

Alfalfa hay --- --- --- 15 30

Fiber composition

ADF, % 17.9 20.3 22.8 21.0 20.5

NDF , % 33.5 39.5 46.6 35.5 33.5

DMI/BW6,             H 
kg/100 kg     
                             J

4.29 4.16 4.19 4.38 4.27 .10 .06   NS   .07     NS    NS       .07

4.63 4.23 3.62 4.58 4.85 .001 .06    .1   .07     .001   .01       .07

3.5% F CM,          H
kg/d

33.6 33.9 33.5 34.3 34.0
.01 .2    .05   .2     NS    NS       .3

                             J 25.8 26.0 23.7 26.9 26.3

Appare nt digestibility, %

  DM 56.7 62.7 58.5 59.1 56.6  NS 1.4    NS 1.4 NS NS 1.5

  ADF 24.6 47.9 56.2 35.9 41.1      .006 2.7 NS 2.7 NS .001 2.9

  NDF 32.2 54.1 62.6 37.7 40.8      .001 2.1 .08 2.1 NS .001 2.2

1 Hay source; bermudagrass versus alfalfa.
2 Level of hay addition; low versus high.
3 Hay diets versus no hay diet (control).
4 Holstein
5 Jersey.
6 Breed by treatment  interaction  occurred.
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that occupies space in the digestive tract, and a

measure o f digestibility by analysis c ould help to

describe the potential energy content of the forage,

and ultimately, the diet.  It becomes apparent that

differences among species in digestion and passage of

fiber dictate that analyses beyond the traditional

chemical analyses are necessary to truly describe the

forage and the potential it offers from an energy and

intake standp oint.  

MATURITY EFFECTS

Voluntar y intake of cell-wall c onstituents

and cellulose has a high negative correlation for

several grasses, while there was no correlation for

these components in alfalfa (Van Soest, 1965).   So

despite rations balanced fo r similar NDF con tents,

those based on grasses usually have lower DMI than

those based on legum es.

All plants grow larger and produce seeds as

they mature, ac compa nied by co ncurrent cha nges in

composition.  Generally as plants mature, CP

decreases, fiber increases, while digestibility and

energy content declines.  This is true for alfalfa hay

(Table 5), sorghum (Table 6) and bermudagrass hay

(Table 7).  Sorghum and bermudagrass do not

demonstrate  fiber changes as large as those of alfalfa,

but the digestibility of sorghum (Table 6) declines

dramatica lly.

As forages mature, there is generally a point

at which the accumulation of digestible DM declines

despite increasing forage DM yield.  At this point the

general effect is both a decline in energy content of

the forage as well as reduced intake potential.  Intake

of DM declines with increasing ADF and NDF

content of the  forage, and  digestibility decline s with

increasing lignin  content of the fo rage (Va n Soest,

1982).  These responses are relatively well known,

and the obvious means to minimize the effects of

maturity is to harvest at optimum maturity.  However

another common approach is to reduce the content of

low quality forages and substitute another feedstuff of

greater energy density; the rationale being that high

energy feeds offset the lower energy content of the

forage.  Ho wever, alfalfa ha rvested at pr e-, early-,

mid-, and full-bloom and fed at 80, 63, 46, and 29%

of diet DM with the remainder from concentrates

yielded the most milk for diets containing the pre-

bloom alfalfa (Table 8; Kawas et al., 1989).   Cows

fed diets con taining 80%  of pre-bloo m alfalfa actually

produced more milk than cows fed diets of only 29%

of full-bloom alfalfa and 71% concentrates.  High

energy concentrates could not overcome the intake

depressing effects of mature alfalfa coupled with the

low energy c ontent.

ENVIRONMENTAL EFFECTS ON
FORAGE QUALITY

The environmental conditions in which the

plant is grown affect the quality of the forage, though

the effects are not as great as those of increasing

maturity.  Factors which have the greatest effect

include mo isture, temper ature, solar rad iation and so il

nutrients.  Of great importance to the south are the

effects of temperature on forage quality.  In a review,

Buxton e t al. (1995)  report that the  optimal gro wth

temperatures are near 68/F for cool-season species

and 86-95/F for warm -season spe cies.  A rise in

temperatures reduces the leaf:stem ratio, which

generally reduces forage digestion because of the

lower digestibility of stems.  High ambient

temperatu res also pro mote the p roduction  of lignin. 

Bermudagrass grown at 22/C or 32/C had 1.3 and

2.2% lign in in leaves and  3.4 and 6 .7% lignin in

stems for the two respective temperatures (Wilson et

al., 1991, as cited by Buxton et al., 1995).  In addition

to higher NDF contents for the forages grown at

higher temperatures, NDF digestion was 75 and 62%

for leaves and 60 and 41% for stems at the

cool and hot temperatures.  Lower quality for the

forage grown at higher temperatures was consistent

with the fiber and lignin contents and reflects the

challenges associated with producing forages under

hot conditions.  Buxton et al. (1995) reported that

each 1/C increase in temperature decreases

digestibility of forages by .3 to .7 %.  This is why

forages grown in cooler regions of the country are of

higher quality tha n those grow n in the south.  T here is

little one can do to alter the effects of high

temperatu res on forag e digestibility, how ever, it is

important to recognize that these changes do occur

and acco unt for them in ra tion formulatio n.  

PHYSICAL FORM OF FORAGES

Physical form of forages affects digestion

because of effects of particle size on outflow from the

rumen.  A rapid outflow of solids from the rumen has

beneficial and negative effects.  Rapid removal from

the rumen means more space is available for
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additional feed intake, but beneficial rumination and

chewing (wh ich buffers the ru men) is redu ced. 

Simulations revealed that pelleting alfalfa or

bermudagrass reduced ruminal NDF digestion and 

TABLE 5:  Effect of stage of maturity on nutrient content of alfalfa hay.

Stage of ma turity TDN Crude p rotein Crude fiber

Neutral detergent

fiber

Vegetative

Bud

Early bloom

Mid bloom

Full bloom

Mature

% of DM

65

62

58

56

54

52

22

20

17

16

15

13

24

27

31

33

35

37

41

44

48

50

52

55

Table 6.  Chemical constituents and digestibility coefficient of sorghum silage harvested at six stages of maturity

(Black et al., 1980).

Stage of ma turity

Component Early

bloom Bloom Milk

Late milk

to late

dough

Dough

Hard

dough

DM% 23.2 24.6 25.3 28.6 29.6 30.8

    Percentage of dry matter

Crude fiber

Crude p rotein

Nitrogen free extract

Ash

Acid detergent fiber

Neutral detergent fiber

Neutral de tergent solub le

27.0

8.4

58.2

4.6

35.7

68.4

31.6

27.8

8.0

58.1

4.3

37.5

69.4

30.6

26.2

7.3

60.1

4.5

36.1

65.3

34.7

24.1

7.0

63.0

4.1

33.3

64.3

35.7

26.1

5.8

62.4

3.6

34.0

64.1

35.9

27.8

5.9

58.5

4.3

34.1

63.9

36.1

    Digestibility coefficients     %

DM

Crude fiber

Crude p rotein

Nitrogen free extract

Acid detergent fiber

Neutral detergent fiber

Neutral de tergent solub le

65.2 1

68.8 a

52.8 a

65.3 a

57.6 a

65.9 a

62.7 ab

57.8 ab

64.1 a

42.6 ab

59.6 a

51.4 ab

57.6 ab

58.6 b

56.9 ab

59.3 a

37.8 b

58.8 a

49.1 abc

56.6 ab

57.6 b

57.7 ab

48.8 b

34.6 b

64.6 a

42.8 bcd

52.1 bc

68.1 a

50.3 b

44.5 b

15.1 c

58.3 a

39.7 cd

44.9 c

60.9 b

52.1 b

45.2 b

14.8 c

60.6 a

38.1 d

43.2 c

68.2 a

abcd Means in row with same letter not different at P < .05.
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TABLE 7:  Effect of harvest date on nutritive content of bermudagrass hay.

Stage         TDN Crude p rotein   Crude fiber         NDF

Days after harvest %, DM

21

28

35

42

60

56

52

49

14

11

8

7

29

31

35

43

72

73

74

75

TAB LE 8:  E ffect of alfa lfa matur ity and c oncent rate per centag e on milk y ield of dair y cow s (Kaw as et al.,

1989).

                          Alfalfa maturity, bloom                     Differences

pre to full

bloomConcentrate % of DM Pre Early Mid Full

------------- Pound s    of  Milk ------- ---------

20 84.0 75.2 61.8 55.4 28.6

37 85.4 80.7 70.4 59.4 26.0

54 94.8 89.8 76.1 72.6 22.2

71 98.3 92.6 76.8 76.8 21.5

Difference , 20 to 71 % conc entrate 14.3 17.5 15.0 21.4

total DM  digestion in stee rs (Merte ns and Ely, 1 979). 

However rum inal turnover time was more rap id so

that intakes of D M and  digestible D M were  sharply

increased o ver long hay.  

Despite resul ts  which show greater  DMI

with chopping or pe lleting of forages, one must also

consider tha t these studies we re often con ducted with

the forages in q uestion as the so le feed sourc e. 

Recent stud ies with dairy co ws often show  little

increase in DMI when forages are chopped,  perhaps

because of their use in T M R and because of the large

amount of concentrates fed.  Chopped alfalfa hay

ranging from .1 to .35 inches did not affect DMI but

milk fat depre ssion was pre vented whe n mean pa rticle

length exceeded .25 inches in length (Woodford et

al., 1986).  In a Canadian study, cows were offered

diets with low (35%) or adequate (65%) forage

content with two chop lengths of alfalfa silage, .2 and

.4 inches (Beauchemin et al., 1994).  In the low

forage diets the increase in chop length did not affect

DMI  but did incre ase FCM , while in the ade quate

forage diets longer chop  length tended to decrea se

DMI .  Interestingly, add ition of hay to thes e diets

increased DMI, but the addition of hay to the low

forage diets w as less effective than  increasing pa rticle

length of the silage.  This suggests that greater

particle length of all forage sources is more effective
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toward maintaining DMI, but the addition of some

hay helps to offset the negative effects of low fiber

diets.  It has been recommended that 15 to 20% of

forage particles should be greater than 1.3 inches long

to maintain no rmal rumen  function (Sha ver, 1991 ). 

For dairy ra tions, attention to  adequa te particle length

is of greater co ncern than fine  particle size to

stimulate intake.  In  addition, m uch of the pa rticle

length work h as been d one with alfalfa.  Le ss is

known about the effects of particle length from

grasses and  the effectiveness  in dairy rations.  

CONCLUSIONS

The use of NDF within forages is an

indicator o f forage qua lity and quality is clos ely

linked to cow performance.  However great variation

exists between forage types which must be

considered.  Generally grasses are more fibrous than

legumes an d result in lowe r DM I.  

The minimum NRC recommendations for

ADF and NDF are probably too conservative for

many diets.  However, this is very dependent on fiber

source and  physical form , which must be  considere d.  

Forage particle size greatly influences the

effectiveness of fiber.  Allen (1995) recommends no

adjustment from 30% dietary NDF for silage with 5-

10% of particles more than 1.5 in; a decrease in NDF

of 2 units when more than 15% of particles exceed

1.5 in., and an increase in NDF of 2 units when few

long particle s exist.

There is a wide variation in the chemical

composition, physical form, digestion rate and rate of

passage o f NDF a mong feed s, making it very un likely

that any single value for NDF will apply in all feeding

situations.  In addition the interrelationships of fiber

with other car bohydra te compo nents (espec ially

nonstructura l carbohyd rates and starc h) are critical to

the performance of the animal, and influence

effectiveness of the fiber present in the diet.  The

overall balance of the diet is the determining factor

for animal p erformanc e.  We m ust accept tha t there is

no single simple factor that determines animal

performance in the complex interrelationships of the

high producing dairy cow.
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